Sleep, Circadian Rhythms and Interval Timing: Evolutionary Strategies to Time Information  by Tucci, Valter
 Procedia - Social and Behavioral Sciences  126 ( 2014 )  11 – 14 
1877-0428 © 2014 The Authors. Published by Elsevier Ltd.





Sleep, circadian rhythms and interval timing: Evolutionary 
strategies to time information 
Valter Tucci* 
Department of Neuroscience and Brain Technologies - Istituto Italiano di Tecnologia, via Morego, 30, 16163 Genova, Italy  
Abstract 
Sleep, circadian rhythms, and interval timing are evolutionary well-conserved functions that are widely shared throughout the 
animal kingdom. A crucial property of the brain is to make use of internal clock mechanisms (e.g., circadian) to locate events in 
time. From a neurobiological and computational point of view, clock mechanisms can be seen as strategies that involve 
information processing of internal biological states at different time scales (Tucci, 2011; Tucci et al., 2014).  
 
The coordination between temporal information processing and internal physiological responses maintains homeostasis in many 
biological domains. For example, sleep is a genetically and epigenetically regulated phenomenon that can be mathematically 
modelled by, at least, two fundamental processes, a homeostatic process and a circadian process. The homeostatic process of 
sleep depends on the previous wakefulness, representing the pressure for sleep since last sleep episode. The circadian process 
dictates the timing of sleep, it is a self-sustained periodic mechanism and it develops with approximately 24 hours, cell-
autonomous, oscillations. Thus, the distribution of sleep over 24 hours results from the combination of these two processes. 
 
Moreover, the ability to understand and perform in time is also realised within seconds-to-minutes intervals (e.g., interval 
timing). Interval timing represents a cross-species crucial property of many cognitive processes; interestingly, this short timing 
ability varies with the time of day, and it has been shown that sleep enhances the consolidation of timing learning. Furthermore, 
we have observed that mouse performance is modulated by a sleep inertia-like effect (Maggi et al., 2014). 
 
To understand the interplay between sleep homeostasis, circadian biological rhythms and interval timing it is mandatory to 
address specific questions on the genetic and epigenetic regulatory mechanisms that are associated with these functions. To 
address these questions, I will present our recent work which has been focused in: (i) understanding whether monoallelic versus 
biallelic epigenetic mechanisms exert a specific role in sleep and sleep-related timing functions (Lassi et al., 2012; Tinarelli et al., 
2014), (ii) understanding how circadian rhythms and sleep-wake mechanisms modulate various cognitive processes such as 
 
 
* Corresponding author. E-mail address: valter.tucci@iit.it 
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
12   Valter Tucci /  Procedia - Social and Behavioral Sciences  126 ( 2014 )  11 – 14 
interval timing, temporal uncertainty and risk assessment, (iii) understanding whether clock genes regulate sleep homeostasis and 
cognitive timing, by investigating these functions in mouse clock mutants. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of the International Conference on Timing and Time 
Perception. 
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Instructions to Authors for Word template 
1. Locking of Copyright: 
The copyright line is locked in the Procedia templates. The author may not edit the same and making it editable 
only PSMs. If there are any copyright changes required, you are requested to contact Journal Manager through 
Guest Editors. For editable the below mentioned steps must be followed: 
 
Steps: 
 Click on copyright statement 
 Click on Properties in Developer tab 
 Remove the checks from Content control cannot be deleted and Contents cannot be edited under 
Locking and then Press ok 
2. Docm format: 
We have added macros in the Word templates for the below mentioned features. And since macros are not 
supported in doc and docx format we created the templates of all Procedia titles in .docm format. 
 
 Removal of all highlights 
 Accept track change 
 Locking of Rules 
 
If .docm format needs to convert in docx format then the following steps must be performed: 
 
Steps: 
 Press Alt  F11 
 Click on Project (JID_Template) 
 Enter "thomson" in Project Password 
 Click on Microsoft Word Objects 
 Click on ThisDocument under Microsoft Word Objects 
 Delete all macros under General 
 After deletion close the Code and Project (JID_Template) windows 
 From File menu click on save as type .docx option  
3. Comments added in the margin in Word master templates: 
There are instances where author raising queries on what to do with key information lines such as “volume, page 
numbers”, “Conference title per issue” and “Copyright entity, year, copyright company Elsevier Ltd./B.V./Inc. and 
Organizer Name” in the copyright statement and for these concerns the comments have been inserted in the Word 
template to guide Author/JM about the information to be inserted by them in these fields.  
Comments removal from Print: In Word 2007 and 2010 the comments present in a document get printed by 
default. If the authors do not want to get the comments appearing in print, the authors must remove the comments 
from the Word template before printing by changing the Print markup setting of word using the following steps: 
Steps: 
 Click the File tab 
 Click Print 
 Under Settings, click the arrow next to Print All Pages 
 Click Print Markup to clear the check mark  
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Instructions to Authors pages to be excluded from Print:  
 Click the File tab 
 Click Print 
 Under Setting, Type page numbers and/or page ranges separated by commas counting from the start of the 
document or the section. For example, type 1, 3, 1-5   
4. PDF creation from Word master template:  
While creating PDF from Word template the below given step should be followed to avoid difference in trim size 
and margin of the Word template and the PDF created. 
 
Steps in Word 2007 and 2010: 
 Click the File tab 
 Click Save As 
 Under Save as type, click the arrow next to PDF (*.pdf) 
 Click Save 
 
In Word 2003 the PDF can be created by using “Convert to Adobe PDF” symbol in tool bar or the required paper 
size can be adjusted in the Adobe PDF settings given in the Properties tab on the Print option.  
5. Reference styles used in Procedia master templates: 
Title   Reference style  
AASPRO   2 Harvard  
AASRI Procedia   3 Vancouver Numbered  
APCBEE Procedia  3 Vancouver Numbered  
EGYPRO   3 Vancouver Numbered  
FINE      2 Harvard  
IERI Procedia   3 Vancouver Numbered  
MSPRO    2 Harvard  
PHPRO    2 Harvard  
PIUTAM   3a Embellished Vancouver  
Procedia CIRP   3 Vancouver Numbered 
PROCHE   3a Embellished Vancouver  
PROCS    3a Embellished Vancouver  
PROENG   1 Numbered  
PROENV   3a Embellished Vancouver  
PROEPS   3a Embellished Vancouver  
PROFOO     3a Embellished Vancouver  
PROTCY   3 Vancouver Numbered  
PROVAC   3a Embellished Vancouver  
SBSPRO   5 APA  
SEPRO    3a Embellished Vancouver  
AQPRO   2 Harvard 
UMKPRO  5 APA 
 
 
